Abstract: Sickle cell disease (SCD) is a group of inherited blood disorders recognized by WHO as a major public health problem. It affects morbidity and mortality of the affected population considerably. Leg ulcer in the lower limbs is a hallmark feature of SCD. Meticulous physical examination, thorough history, laboratory tests, and imaging will lead to proper diagnosis and lead to proper treatment and management of the cases. Although newer treatment strategies have improved the prognostic outcome of SCD, leg ulcers still are a disabling and difficult to treat a complication of the condition. This mini review summarizes this common complication of SCD.
Introduction
Sickle cell disease (SCD) is an autosomal recessive hemoglobinopathy. It is caused by a structural alteration in the β-globin chain on chromosome 11. Glutamic acid in the β-globin chain is substituted to valine. 1 This results in defective hemoglobin S (HbS) that causes red blood cells (RBCs) to sickle. The sickled RBCs manifest in vaso-occlusion (VO), inflammation, ischemia, organ damage, and hemolytic anemia (HA). 2 The patients with SCD have hemoglobin (Hb) variants SS, SC, S-β thalassemia, SOArab, SD and rarely S-Hb genotypes. SCD is one of the most common inherited diseases worldwide. 3 The resultant deformed hemoglobin causes impaired blood flow and diverse symptoms. The symptoms include avascular necrosis of joints such as hip and shoulder, pulmonary hypertension, priapism, life-threatening infections, end-organ failure, and hemolytic anemia. Therefore, patients require regular clinical follow-up to treat the symptoms and secondary complications of the disease. 4, 5 Ulcers, especially in the lower limbs, are common symptoms in SCD patients. Ulceration of the skin and underlying tissues at the medial and lateral ankle may occur in SCD patients. Some of the risk factors associated are trauma, high hemolytic rate, infection, venous incompetence, severe anemia, geographic location. Varying incidence has been reported among different phenotypes and geographical area. 1 The incidence rate of leg ulcers in the adult SCD patients is reported to be up to 75%. 2, 6, 7 Prevalence is reported to be 8-10% in homozygous patients and more than 50% in patients living in the tropical areas. 8 Recent evidence showing varying prevalence rate across geographical locations is summarized in the Table 1 . Ulcers appear in areas with less subcutaneous tissue and thin skin such as tibialis anterior, the inner or outer malleolar region and less frequently in the instep.
The contributory factors to cause leg ulcers in SCD patients include poor skin perfusion due to vaso-occlusion, venous incompetence, minor trauma, decreased oxygenation, microvascular thrombosis, and impaired endothelial function. Although leg ulcers occur commonly, treatment response is poorer than in wounds of other aetiologies making the healing process slower. 5 In addition, mouse models proved the pain at the wound site to be the most prominent differences between SCD wounds and "other wounds" and neurogenic inflammation perpetuate tissue damage.
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Pathophysiology
The pathophysiology of leg ulcers in patients with SCD is complex and not fully understood. It is most probably multifactorial, and it is more common in patients with SCD than others. 14, 15 Binding of hemolysis-freed hemoglobin to nitric oxide (NO), vasoconstriction; sickling of red blood cells in blood vessels, resulting in vaso-occlusion and impaired oxygen delivery to tissues have been implicated in its pathophysiology. 1, 16, 17 Endothelial NO receptors initiate vasodilation. Free hemoglobin in SCD due to chronic hemolysis reduces NO bioavailability leading chronic vasoconstriction which in turn contributes to leg ulcers, priapism, and pulmonary hypertension. In addition, leg ulcers in SCD patients are believed to be infrequent in some parts of the world where dominant genetic factors, presence of α-thalassemia and high fetal hemoglobin (HbF) levels, are thought to ameliorate its existence, thereby highlighting a probable role for geographical and environmental factors. 14, 15, 18 Classification of leg ulcers 
Shuttering ulcer
In this type, small ulcers that recur every 6-12 months for several years are developed. Although it can be treated easily and is less harmful, the constant fear of recurrence resides.
Chronic, recurrent ulcer
SCD patients develop an ulcer that persists for years and/ or ulcers that recur in the same or nearby sites. Chronic, recurrent ulcers cause the most disabling chronic pain, and patients suffer from depression, disabilities, unemployment. Although 75-80% of patients suffering from chronic recurrent ulcers heal, many patients have ulcers for more than 20 years and may never heal. Amputation may be considered in some patients to improve quality of life. Minniti and colleagues also proposed a stepwise, multifactorial model on how ulcers are formed in SCD patients.
14 They propose that damage to the blood vessels and impaired perfusion in the distal lower extremities are responsible for causing slow-healing ulcers. The blood vessels are damaged due to poor nutrition, poor socioeconomic status, thrombophilia, hyperinflammatory response, and some unidentified causes. The healing process is further delayed as the consequent pain due to the ulcers leads to central sensitization and neurogenic inflammation. Thus, the resulting scar tends to reopen due to low tensile strength and poor perfusion. This vicious cycle continues in SCD patients. 
Diagnosis and management
Medical history, thorough physical examination, and laboratory testing and imaging are required for diagnosis. The medical history should include systematic information on treatment attempted, and complications that arose during the treatment. Physical examination should include assessment hypo-or hyperpigmentation of surrounding skin, edema, serous discharge, and thickened fibrinous material, inguinal nodes, hair follicles, pulse oximetry, and wound size. Microscopic analysis of skin biopsies is important evidence revealing an increase in vascularity, vasculopathy with blood vessels occlusion, chronic inflammation, microthrombi, and fibrin deposition in the intima. Laboratory tests with urinalysis, complete blood count and chemistry panel should be performed. These tests will often reveal microalbuminuria and markers of severe chronic hemolysis along with others that will help in the diagnosis.
At present, management of leg ulcers in SCD patients comprise of prevention and treatment. It includes overall disease control, wound care and dressing, debridement and surgical management with skin grafts. To achieve healing a multipronged approach of systemic and local therapy will help. Due to the need for multifaceted treatment collaborative efforts of a hematologist, wound care specialist, surgeon, nutritionist, and social workers are needed for management of the leg ulcers.
14 14Along with the management of the ulcers, systemic treatment of the SCD and treatment for other identified micronutrient deficiencies should always be continued. Systemic therapy for leg ulcers in SCD patients should include vasodilators and diuretics, hydroxyurea, ACE inhibitor or ARB, chelation therapy, correction of deficiencies, along with nutritional management, management of pulmonary hypertension, psychological support for stress and depression. Whereas the local therapies should be focused on wound care to achieve healing.
Prevention is the major part of the management strategy for leg ulcer particularly in patients with a history of ulcers. The treatment comprises of debridement, the use of bandages, surgical treatment, infection control, rest and elevation of the affected area. 8 Furthermore, patients, particularly with a prior history of leg ulcers should be educated to avoid the emergency of leg ulcers due to SCD. Avoiding trauma, using cotton socks; wearing comfortable shoes; bug-spray to avoid insect bites; the topical use of moisturizing to avoid exfoliation and skin scarification is part of prevention tactics. Patients should also be educated to seek medical treatment in case of traumas. 5 Patients' participation for prevention and medical team for treatment both are equally important in the management of leg ulcers in SCD patients.
Conclusion
Leg ulceration is an important contributor to the morbidity burden in SCD patients. Many treatment options are available for the management of leg ulcers. But the effectiveness of these treatments has not been yet tested in SCD patients. Hence, prevention and early intervention, therefore, are the basis for the management of this complication. More research is needed to improve treatment and prevent recurrence of the leg ulcer in SCD patients.
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